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(57) ABSTRACT 

Various exemplary embodiments provide methods of control 
ling frame memory, memory control circuits, and image pro 
cessing apparatuses including the memory control circuits. 
Data representing values of pixels constituting each of a plu 
rality of frames are received in an order of the frames, and data 
representing values of pixels constituting a previous frame 
are read from the frame memory and data representing values 
of pixels constituting a next frame are written to the frame 
memory. By reading first data representing values of a portion 
of the pixels constituting the previous frame from the frame 
memory before receiving of data representing values of pixels 
constituting the next frame starts, a delay time before starting 
to output data representing values of pixels of the previous 
frame can be shortened. 
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1. 

METHOD OF CONTROLLING FRAME 
MEMORY, MEMORY CONTROL CIRCUIT, 
AND IMAGE PROCESSINGAPPARATUS 
INCLUDING THE MEMORY CONTROL 

CIRCUIT 

This application claims priority from Japanese Application 
No. 2008-9203, filed on Jan. 18, 2008, which is hereby incor 
porated by reference in its entirety. 

BACKGROUND 

The invention relates to methods of controlling frame 
memories, memory control circuits that control frame memo 
ries, and image processing apparatuses that incorporate the 
memory control circuits. Specifically, this invention relates to 
methods of controlling frame memories, memory control cir 
cuits, and image processing apparatuses with shortened delay 
periods before starting to output data read from the frame 
memories. 

Image processing apparatuses, such as liquid crystal dis 
play apparatuses, which include memory control circuits for 
controlling frame memories are known. The image process 
ing apparatuses perform image processing based on data that 
represent values of pixels constituting frames. In the image 
processing apparatuses, data representing values of pixels 
constituting a plurality of frames are received with an order of 
the frames. Data (current data) constituting a next ((N+1)-th) 
frame are received and written to the frame memory and, 
simultaneously, data (past data) constituting a previous (N-th) 
frame previously written to the frame memory are read from 
the frame memory. Processing (image processing) is per 
formed by comparing the past data and the current data, and 
data that reflects the result of the processing is output. 
An amount of data to be written to the frame memory is 

large. Accordingly, DRAM (Dynamic Random Access 
Memory) such as SDRAM (Synchronous Dynamic Random 
Access Memory), which is inexpensive and has a large 
memory capacity, is advantageously used as the frame 
memory. SDRAM has an address space defined by row and 
column addresses. SDRAM is a dynamic-type random access 
memory that requires refreshing within a predetermined 
interval. 
When starting data access to SDRAM, specifying a row 

address and further specifying a column address when a pre 
determined period has lapsed after specifying the row address 
are required. Specifying the row and column addresses is 
required to be repeated each time after a predetermined 
amount of data has been accessed. In an image processing 
apparatus Such as a liquid crystal display apparatus, on the 
other hand, it is necessary to continuously output the data. 
Accordingly, a memory control circuit constituting an image 
processing apparatus includes FIFOs (First-In First-Out 
memories) at the input-side and the output-side of SDRAM as 
shown in, for example, U.S. Pat. No. 7,023,413, which is 
hereby incorporated by reference in its entirety. 

FIG. 8 shows an exemplary construction of a conventional 
memory control circuit. 
The memory control circuit 100 shown in FIG. 8 includes 

Write FIFO 102, SDRAM controller 103, and Read FIFO 
104. The memory control circuit 100 controls writing of data 
to and reading of data from the SDRAM 110. During a period 
of a line within a frame, reading of past data and writing of 
current data representing values of pixels constituting the line 
are performed under a control of the memory control circuit 
100. In practice, during a first half of the period of the line, 
past data PD previously stored in SDRAM 110 are read and 
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2 
output through the Read FIFO 104. Further, in the second half 
of the period of the line, current data CD received through 
Write FIFO 102 is written to SDRAM 110. Further detailed 
explanation will be made with reference to FIG. 9. 

FIG. 9 is a timing chart showing write and read access 
timings of the memory control circuit to SDRAM1110 and to 
Write and Read FIFOs 102 and 104 shown in FIG. 8. 

FIG. 9 shows waveforms of vertical synchronizing signal 
VSYNC, read data enable signal RDE, write data enable 
signal WDE. During each of the periods that the read data 
enable signal RDE and the write data enable signal WDE are 
in H level, data of pixels of one of the lines constituting a 
frame is input to the memory control circuit 100. FIG.9 also 
shows periods of reading the past data from SDRAM 110 and 
writing the read data to Read FIFO 104 (Past data read) and 
periods of reading the past data from Read FIFO 104 and 
outputting the read data from the memory control circuit 100 
(Past data output). FIG. 9 further shows periods of inputting 
the current data into the memory control circuit 100 and 
writing the input data to Write FIFO 102 (Current data input), 
and periods of reading the current data from Write FIFO 102 
and writing the read data to SDRAM 110 (Current data write). 
At first, vertical synchronizing signal VSYNC that indi 

cates a partition between the frames is input. Then, read data 
enable signal RDE changes from L level to H level. As a 
result, reading of past data PD, which are previously stored in 
SDRAM 110, starts. The past data PDread from SDRAM 110 
is written to Read FIFO 104. Thereafter, the past data written 
to the FIFO is read and output from the memory control 
circuit. On the other hand, current data CD input to the 
memory control circuit are written to Write FIFO 102. Then, 
after the reading of past data from SDRAM 110 is completed, 
the current data CD is read from Write FIFO 102 and written 
to SDRAM 110. 
As shown in FIG. 9, data constituting a line is input to the 

memory control circuit 100 during a period that read data 
enable signal RDE and write data enable signal WDE are in 
H level. Past data PD are written to Read FIFO 104 during 
the first half of the period, and current data CD are read from 
Write FIFO 102 and written to SDRAM 110 during the sec 
ond half of the same period. In truth, however, reading of 
current data CD from Write FIFO 102 and writing of the 
current data CD to SDRAM 110 are performed by also using 
a part of a horizontal blanking period after the changing of 
write data enable signal WDE to L level. 
The memory control circuit 100 shown in FIG. 8 starts 

reading of past data PD stored in SDRAM 110 after read data 
enable signal RDE changes from L level to H level. After 
read data enable signal RDE changes to H level, however, 
there is a delay time, or latency, before starting to read past 
data PD. Accordingly, an image processing apparatus, which 
incorporates the memory control circuit 100 and performs 
processing (image processing) by comparing the current data 
and the past data, suffers from the following problems. 
An image processing circuit in a liquid crystal display 

apparatus, which is an example of the image processing appa 
ratus, performs image processing based on past data of a pixel 
at a certain position (or coordinates) in a previous frame and 
current data of the pixel at the same position in the next (or 
current) frame. The image processing is performed, for 
example, in order to improve the response speed of the liquid 
crystal display, and data reflecting the result of the processing 
is output. 

In order to perform such a processing, the past data of a 
pixel and the current data of the same pixel are required to be 
input simultaneously. That is, a first delay period until the past 
data is read from the SDRAM 110 and input to the image 
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processing circuit and a second delay period until the current 
data is input to the image processing circuit should be made 
equal with each other. Accordingly, an image processing 
apparatus generally includes a delay circuit, such as a shift 
register or a FIFO, to delay the current data during the period 
that the past data is read from the SDRAM. When the delay 
period for reading the past data is long, a larger shift register 
is required. 

In general, the delay period for reading data from SDRAM 
is a Sum oft, and CAS latency. Here, to is a delay period 
between row address strobesignal and column address strobe 
signal measured by the number of clocks. CAS latency is a 
delay period between input of read command to output of read 
data measured by the number of clocks. In reality, it is difficult 
to directly input data to Read FIFO 104 after outputting the 
data from SDRAM 110 due to a difficulty in the timing 
adjustment. Accordingly, two or three stages of flip-flops are 
inserted between SDRAM and Read FIFO. As a result, start of 
output of the data from the memory control circuit 100 is 
further delayed. 

For example, when an SDRAM with to 3 and CAS 
latency–3 is used and two stages of flip-flops are inserted, 8 
stages of flip-flops are needed to construct the shift-register. 
That is, when each of RGB values of a pixel is represented by 
10-bit data, and two-channel parallel processing is per 
formed, 8x10x2=160 flip-flops are needed for each of RGB 
values. 
As explained above, a conventional memory control circuit 

100 shown in FIG. 8 has a problem that a delay period from 
the start of inputting current data to the start of outputting past 
data stored in SDRAM 110 is long. Accordingly, in an image 
processing apparatus including the conventional memory 
control circuit 100, delaying the current data for a long period 
is required and, as a result, the size of the shift-register 
becomes large. 

SUMMARY 

In order to address the problems described above, an exem 
plary object of this invention is to provide methods of con 
trolling frame memories and memory control circuits with 
shortened delay times to start outputting past data, which 
represent values of pixels constituting a previous frame, pre 
viously stored in a frame memory. Another exemplary object 
of this invention is to provide image processing apparatuses 
including the memory control circuits having shortened delay 
times to start outputting the past data. 

Exemplary embodiments according to this disclosure pro 
vide methods of controlling frame memories using memory 
control circuits. The methods include receiving data repre 
senting values of pixels constituting each of a plurality of 
frames in an order of the frames, and Supplying the data to the 
frame memory; generating address signals that specify 
addresses of the frame memory to be accessed and control 
signals that command reading from or writing to the frame 
memory, and Supplying generated address and control signals 
to the frame memory such that data representing values of 
pixels constituting a previous frame previously written to the 
frame memory are read from the frame memory and data 
representing values of pixels constituting a next frame next to 
the previous frame are written to the frame memory. The 
generating and Supplying are performed Such that first data 
representing values of a portion of the pixels constituting the 
previous frame are read from the frame memory before the 
receiving of data representing values of pixels constituting 
the next frame starts. 
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4 
According to various exemplary embodiments, the meth 

ods may further include receiving a synchronizing signal 
before the receiving of data representing values of pixels 
constituting the next frame starts. The generating and Supply 
ing may include, when the synchronizing signal is received, 
generating a first address signal that specifies an initial 
address and a first control signal that commands reading, and 
Supplying the first address and control signals such that the 
frame memory reads the first data from a first range of 
addresses starting from the initial address. 

According to various exemplary embodiments, each of the 
plurality of frames may include a plurality of lines, and the 
receiving may include receiving data representing values of 
pixels constituting each of the plurality of lines in an order of 
the lines. The first data may represent values of pixels consti 
tuting a first portion of a first one of the plurality of lines of the 
previous frame; and the generating and Supplying may be 
performed Such that data representing values of remaining 
pixels constituting a remaining portion of the first one of the 
plurality of lines of the previous frame and data representing 
values of pixels constituting the first portion of a second one 
of the plurality of lines of the previous frame are read during 
the receiving of data representing values of pixels constitut 
ing a first one of the plurality of lines of the next frame. 

According to various exemplary embodiments, the meth 
ods may further include receiving a synchronizing signal 
before the receiving of data representing values of pixels 
constituting the next frame starts. The generating and Supply 
ing may include: i) when the synchronizing signal is received, 
generating a second address signal that specifies an initial 
address and a second control signal that commands reading, 
and supplying the second address and control signals such 
that the frame memory reads the first data from a second range 
of addresses including a first number of the addresses 
required to store the first data starting from the initial address; 
and ii) after the receiving of data representing values of pixels 
constituting the first one of the plurality of lines of the next 
frame starts, generating at least a third address signal that 
specifies a starting address next to the second range of 
addresses and a third control signal that commands reading 
and Supplying the third address and control signals such that 
the frame memory reads data from a third range of addresses 
including a specified number of addresses required to store 
data representing values of pixels constituting one of the 
plurality of lines starting from the starting address. 

According to various exemplary embodiments, the gener 
ating and Supplying may further include: after the receiving of 
data representing values of pixels constituting each of a sec 
ond to a last one of the plurality of lines of the next frame 
starts, generating at least a fourth address signal that specifies 
a second starting address next to a range of addresses read 
after the receiving of data representing values of pixels con 
stituting a previous one of the plurality of lines of the next 
frame starts and a fourth control signal that commands read 
ing, and Supplying the fourth address and control signals such 
that the frame memory reads data from a fourth range of 
addresses including the specified number of addresses start 
ing from the second starting address. 

According to various exemplary embodiments, the gener 
ating and Supplying may further include: i) after data repre 
senting a value of a last one of the pixels constituting a last one 
of the plurality of lines of a frame previous to the previous 
frame is read, generating a fifth address signal that specifies 
an initial address and a fifth control signal that commands 
reading, and Supplying the fifth address and control signals 
Such that the frame memory reads data from a fifth range of 
addresses including a first number of addresses required to 
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store the first data starting from the initial address; and ii) after 
the receiving of data representing values of pixels constitut 
ing the first one of the plurality of lines of the next frame 
starts, generating at least a sixth address signal that specifies 
a third starting address next to the fifth range of addresses and 
a sixth control signal that commands reading, and Supplying 
the sixth address and control signals such that the frame 
memory reads data from a sixth range of addresses including 
a specified number of addresses required to store data repre 
senting values of pixels constituting one of the plurality of 
lines starting from the third starting address. 

According to various exemplary embodiments, the meth 
ods may further include: storing the first data read from the 
frame memory before the receiving of data representing Val 
ues of pixels constituting the next frame starts in a FIFO; and 
reading the first data after the receiving of data representing 
values of pixels constituting the next frame starts from the 
FIFO. 

According to various exemplary embodiments, the meth 
ods may further include outputting the first data read from the 
FIFO to a processing circuit; and delaying the data represent 
ing values of pixels constituting the next frame to produce a 
delayed data, and outputting the delayed data to the process 
ing circuit such that the processing circuit starts to receive the 
first data and the delayed data simultaneously. 

Exemplary embodiments according to this disclosure pro 
vide memory control circuits that generate address signals for 
specifying addresses of a frame memory to be accessed and 
control signals for commanding reading from or writing to 
the frame memory. The memory control circuits include a 
data input terminal that receives data representing values of 
pixels constituting each of a plurality of frames in an order of 
the frames, a data Supply terminal that Supplies the data to the 
frame memory; an address terminal that Supplies the address 
signals to the frame memory, and a control terminal that 
Supplies the control signals to the frame memory. The 
memory control circuit generates and Supplies the address 
and control signals to the frame memory Such that: data 
representing values of pixels constituting a previous frame 
previously written to the frame memory are read from the 
frame memory and data representing values of pixels consti 
tuting a next frame next to the previous frame are written to 
the frame memory; and first data representing values of a 
portion of the pixels constituting the previous frame are read 
from the frame memory before the memory control circuit 
starts to receive the data representing values of pixels consti 
tuting the next frame. 

Exemplary embodiments according to this disclosure pro 
vide image processing apparatuses including a frame 
memory; a memory control circuit that generate address sig 
nals for specifying addresses of the frame memory to be 
accessed and control signals for commanding reading from or 
writing to the frame memory, and an image processing circuit. 
The memory control circuit includes: a data input terminal 
that receives data representing values of pixels constituting 
each of a plurality of frames in an order of the frames, a data 
Supply terminal that Supplies the data to the frame memory; 
an address terminal that Supplies the address signals to the 
frame memory, and a control terminal that Supplies the con 
trol signals to the frame memory. The memory control circuit 
generates and Supplies the address and control signals to the 
frame memory Such that data representing values of pixels 
constituting a previous frame previously written to the frame 
memory are read from the frame memory and data represent 
ing values of pixels constituting a next frame next to the 
previous frame are written to the frame memory. The image 
processing circuit receives the data representing values of 
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6 
pixels constituting the next frame and the data representing 
values of pixels constituting the previous frame read from the 
frame memory, and performs processing using both of the 
data. The memory control circuit further generates and Sup 
plies the address and control signals to the frame memory 
Such that first data representing values of a portion of the 
pixels constituting the previous frame are read from the frame 
memory before the memory control circuit starts to receive 
the data representing values of pixels constituting the next 
frame. 

According to various exemplary embodiments, the 
memory control circuit may further include a FIFO; and the 
memory control circuit stores the first data read from the 
frame memory before the memory control circuit starts to 
receive the data representing values of pixels constituting the 
next frame in the FIFO, and reads the first data after the 
memory control circuit starts to receive the data representing 
values of pixels constituting the next frame from the FIFO. 

According to various exemplary embodiments, the image 
processing apparatus may further include a delay circuit that 
delays the data representing values of pixels constituting the 
next frame to produce a delayed data. The image processing 
circuit may start to receive the delayed data and the first data 
read from the FIFO simultaneously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various exemplary details of methods of controlling frame 
memories, memory control circuits, and image processing 
apparatuses are described with reference to the following 
figures, wherein: 

FIG. 1 is a schematic drawing showing a construction of an 
exemplary image processing apparatus; 

FIG. 2 is a schematic drawing showing an exemplary con 
struction of the SDRAM interface shown in FIG. 1; 

FIG. 3 is a schematic drawing showing an exemplary con 
struction of the SDRAM controller shown in FIG. 2; 

FIG. 4 is a timing chart showing access timings in the 
exemplary SDRAM interface shown in FIG. 2; 

FIG.5 is a timing chart showing operation of the exemplary 
SDRAM interface near a falling edge of vertical synchroniz 
ing signal; 

FIG. 6 is a timing chart showing operation of the exemplary 
SDRAM interface near a rising edge of read data enable 
signal; 

FIG. 7 is a timing chart showing operation of a comparative 
embodiment near a rising edge of read data enable signal; 

FIG. 8 is a schematic drawing showing construction of a 
conventional memory control circuit; and 

FIG. 9 is a timing chart showing access timings in the 
conventional memory control circuit shown in FIG.8. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Exemplary embodiments of this disclosure will be 
explained with reference to attached drawings. 

FIG. 1 is a schematic drawing showing a construction of an 
exemplary embodiment of an image processing apparatus 
according to this disclosure. 
The exemplary image processing apparatus 1 shown in 

FIG. 1 includes SDRAM 10, a SDRAM interface 20, an 
image processing circuit 30, and a shift register 40. 
The exemplary image processing apparatus 1 receives data 

(input frame data IFD) that represent values of pixels consti 
tuting each of a plurality of frames in the order of the frames. 
Then, the exemplary image processing apparatus performs 
image processing based on the input data and output data 
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(output frame data OFD) that represent the values of the 
pixels constituting each of a plurality of processed frames in 
the order of the frames. The values of the pixels may be, for 
example, brightness values or color difference values of the 
pixels. 
SDRAM 10, which is used as frame memory, has an 

address space defined by column and row addresses. SDRAM 
10 is a dynamic random access memory that requires periodic 
refreshes. Refreshing of SDRAM 10 is explained in, for 
example, a co-pending application "Method of accessing Syn 
chronous dynamic random access memory, memory control 
circuit, and memory system including the same filed on Oct. 
28, 2008 (U.S. patent application Ser. No. 12/289,446), which 
is incorporated herein by reference in its entirety. To start 
accessing SDRAM 10, a row address is specified and then a 
column address is specified when a certain period has lapsed 
after specifying the row address. Further, a row address and a 
column address are specified each time after a certain amount 
of data has been read or written. 
The SDRAM interface 20 is an exemplary embodiment of 

a memory control circuit. Read data enable signal RDE, write 
data enable signal WDE, and vertical synchronizing signal 
VSYNC are input to the SDRAM interface 20. Input frame 
data IFD is also input to the SDRAM interface 20. Thereby, 
the SDRAM interface 20 writes data (current data CD) that 
represent values of pixels constituting a frame that is cur 
rently input (current frame) to SDRAM 10. Simultaneously, 
data (past data PD) that represent values of pixels constituting 
a previous frame (past frame), which have been previously 
written to SDRAM 10, are read and output to the image 
processing circuit 30. 

Read data enable signal RDE and write data enable signal 
WDE are utilized to control the timing of reading past data PD 
from and writing current data CD to SDRAM 10, respec 
tively. In this exemplary embodiment, read data enable signal 
RDE and write data enable signal WDE become valid ('H' 
level) simultaneously. Usually, input frame data IFD is input 
together with a data valid signal (not shown) that indicates 
periods during which valid data are input. Accordingly, read 
data enable signal RDE and write data enable signal WDE 
may be generated from the data valid signal. 
The input frame data IFD is also input to the shift register 

40. The shift register 40 delays the input frame data IFD for a 
specified period and outputs the delayed input frame data to 
the image processing circuit 30 at the same timing that the 
SDRAM interface 20 outputs the past data PD. That is, the 
shift register 40 is provided as a delay circuit for adjusting the 
latency of inputting the current data CD to the image process 
ing circuit 30 and the latency of inputting the past data PD 
from the SDRAM interface 20 read from SDRAM 10 to the 
image processing circuit 30, with each other. 
The image processing circuit 30 receives current data CD 

from the shift register 40 and past data PD from the SDRAM 
interface 20 read from the SDRAM 10, performs image pro 
cessing based on the both data, and outputs processed output 
frame data OFD. 

FIG. 2 is a schematic drawing showing an exemplary con 
struction of the SDRAM interface shown in FIG. 1. 
The exemplary SDRAM interface 20 includes Write FIFO 

21, SDRAM controller 22, and Read FIFO 23. 
FIG. 3 is a schematic drawing showing an exemplary con 

Struction of the SDRAM controller 22. 
The SDRAM controller 22 performs controls for writing 

current data CD input through Write FIFO 21 to SDRAM 10, 
and for reading past data PD previously written to SDRAM 
10 and outputting the read past data PD through Read FIFO 
23. The SDRAM controller 22 includes an address counter 
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8 
unit 222 for generating address signal A that specify the 
addresses of SDRAM 10 to be accessed. The SDRAM con 
troller 22 further includes a command generator unit 224 for 
generating control signals (command C) that control writing 
to or reading from SDRAM 10. The generated address and 
controls signals are supplied to the SDRAM 10 in order to 
perform writing of current data CD and reading of past data 
PD. 

Prior to the start of inputting current data CD constituting 
the current frame, SDRAM interface 20 generates and Sup 
plies address signal A and command C to SDRAM 10 so that 
past data PD representing values of a portion of pixels con 
stituting the previous frame are read. As a result, the past data 
PD of a portion of pixels constituting the previous frame are 
read ahead of the start of inputting the current data CD. The 
read-ahead past data PD are temporarily stored in Read FIFO 
23. Then, after the start of inputting the current data CD, the 
temporarily stored past data PD are read from Read FIFO 23 
and output from the SDRAM interface 20. 

In order to control this operation, the SDRAM controller 
22 receives vertical synchronizing signal VSYNC, read data 
enable signal RDE, and write data enable signal WDE, and 
generates and Supplies address signal A and command signal 
C to SDRAM 10 at timings determined by the received sig 
nals. Moreover, the SDRAM controller 22 generates and 
supplies the following signals to respective FIFOs: i) Write 
FIFO read enable signal WF RE that directs reading from 
Write FIFO 21, ii) Read FIFO write enable signal RF WE 
that directs writing to Read FIFO 23, and iii) FIFO address 
clearing signal FAC that directs clearing of the address of 
Read FIFO 23. Although not shown on FIG. 2, the SDRAM 
controller 22 also Supplies a signal to direct clearing of the 
address of Write FIFO 21. Further, Write FIFO 21 is supplied 
with Write FIFO write enable signal WE WE that directs 
writing to Write FIFO. Read FIFO 23 is supplied with Read 
FIFO read enable signal RF RE that directs reading from the 
Read FIFO 23. 

In the exemplary SDRAM interface 20, write data enable 
signal WDE is supplied as a Write FIFO write enable signal 
WE WE, and read data enable signal RDE is supplied as a 
Read FIFO read enable signal RF RE. However, it is possible 
to provide a circuit to generate Write FIFO write enable signal 
WE WE and the Read FIFO read enable signal RF RE from 
the write data enable signal WDE and the read data enable 
signal RDE, respectively. For example, it is possible to gen 
erate Read FIFO read enable signal RF RE by delaying the 
read data enable signal RDE for a period of read latency of 
Read FIFO 23. 
Read FIFO 23 is supplied with reference clock CLK and 

double-frequency clock CLK2 that has twice the frequency of 
the reference clock. Although not shown in FIG. 2, Write 
FIFO 21 is also supplied with the reference clock CLK and 
the double-frequency clock CLK2, and SDRAM 10 is sup 
plied with the double-frequency clock CLK2 through the 
SDRAM controller 22. 
The reference clock CLK is a clock signal with which the 

current data CD is input to the SDRAM interface 20 and the 
past data PD is output from the SDRAM interface 20. Writing 
of current data CD to the Write FIFO 21 and reading of past 
data PD from the Read FIFO 23 are also performed by using 
the reference clock CLK. On the other hand, reading of cur 
rent data CD from the Write FIFO 21 and writing of read 
current data to the SDRAM 10, and reading of past data PD 
from the SDRAM 10 and writing of read past data to the Read 
FIFO 23 are performed by using the double-frequency clock 
CLK2. 
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FIG. 4 is a timing chart showing timings that the SDRAM 
interface 20 shown in FIG. 2 accesses SDRAM 10, Write 
FIFO 21, and Read FIFO 23. 

FIG. 4 shows waveforms of Vertical synchronizing signal 
VSYNC, read data enable signal RDE, and write data enable 
signal WDE. In the example shown on FIG. 4, data valid 
signal (not shown) input to the SDRAM interface 20 together 
with the input frame data is used as a read data enable signal 
RDE and a write data enable signal WDE. Accordingly, read 
data enable signal RDE and write data enable signal WDE 
become H level during periods that the SDRAM interface 20 
is receiving the current data CD. In practice, read data enable 
signal RDE and write data enable signal WDE become 'H' 
level during each period that the SDRAM interface 20 is 
receiving data that represent values of pixels constituting 
each line of a frame. 

FIG. 4 further shows the following periods: i) periods of 
reading past data from SDRAM 10 and writing the read past 
data to Read FIFO 23 (past data read), ii) periods of reading 
past data from Read FIFO 23 and outputting the read past data 
from SDRAM interface 20 (past data output), iii) periods of 
inputting current data to SDRAM interface 20 and writing the 
input current data to Write FIFO 21 (current data input), and 
iv) periods of reading current data from Write FIFO 21 and 
writing the read current data to SDRAM 10 (current data 
write). The periods of past data read and past data output 
correspond to the periods that Read FIFO write enable signal 
RF WE and Read FIFO read enable signal. RF RE, respec 
tively, are supplied to the Read FIFO 23. The periods of 
current data input and current data write correspond to the 
periods that Write FIFO write enable signal WF WE and 
Write ITFO read enable signal WF RE, respectively, are 
supplied to Write FIFO 21. 
As shown in FIG.4, vertical synchronizing signal VSYNC 

supplied to the exemplary SDRAM interface 20 has a falling 
edge prior to the start of inputting current data, or the change 
of read data enable signal RDE and write data enable signal 
WDE to H level. The SDRAM interface 20 detects the 
change of vertical synchronizing signal VSYNC to L level 
and read a portion of the past data from SDRAM 10. In 
practice, the SDRAM interface 20 reads data representing 
values of pixels in a first portion from the start (32 words from 
the start, in the example shown in FIG. 4) of the first line in the 
previous frame from SDRAM 10. 
When the first portion of the past data is read, reading of the 

past data stops. The past data read-ahead from SDRAM 10 
(the first data) is stored in Read FIFO 23, but reading from 
Read FIFO 23 or outputting from the SDRAM interface 20 is 
not performed prior to the start of inputting current data to the 
SDRAM interface 20. 

Thereafter, after read data enable signal RDE changes to 
H level and the input of current data starts, reading of the 
past data from SDRAM 10 re-starts. In this stage, reading of 
past data of pixels in the first line is performed for the remain 
ing data excluding the read-ahead 32 words of data. 

During the first one of the periods that read data enable 
signal RDE becomes H level, which corresponds to the 
input of current data of pixels in the first line, reading of the 
first portion of past data (i.e., 32 words from the start) of 
pixels in the second line is further performed following the 
reading of past data of the remaining pixels (remaining data) 
in the first line. This read-ahead operation of past data of 
pixels in the second line is performed during the period indi 
cated as next line in FIG. 4. Similarly, during each of the 
second and Succeeding periods that read data enable signal 
RDE becomes H level corresponding to the input of current 
data of pixels in the second and Succeeding lines, past data of 
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10 
the remaining pixels in a corresponding line are read and the 
first portion of past data of pixels in the next line are read 
ahead. 

While, reading of past data from Read FIFO 23 and out 
putting of the read data from the SDRAM interface 20 starts 
immediately after read data enable signal RDE changes to 'H' 
level. In this exemplary embodiment, read-ahead past data are 
already stored in Read FIFO 23 when read data enable signal 
RDE changes to H level. Accordingly, reading of past data 
from Read FIFO 23 can be started without waiting for the start 
of reading of past data from SDRAM 10. 

Exactly speaking, Read FIFO 23 also has a delay time 
(latency) to start reading the data. Accordingly, even in this 
exemplary embodiment, the output of past data starts after the 
delay time of Read FIFO 23. In the exemplary embodiment, 
however, the delay time before the start of outputting past data 
can be decreased compared with the conventional technique 
by the delay time to start outputting past data from SDRAM 
10. Accordingly, when the exemplary SDRAM interface 20 is 
utilized to construct a data processing apparatus, a shift reg 
ister 40 with reduced number of stages may be used for 
adjusting the timing for inputting current data to the image 
processing circuit 30. 

In the exemplary embodiment, specifically, the first portion 
of past data (the first data) is read-ahead for each of the lines. 
Accordingly, even in the case that data of pixels constituting 
each of the lines in a frame are separately received, the delay 
time before starting to output past data of pixels in each line 
may be decreased. 

In addition, the delay time (latency) for starting to read data 
from a SDRAM may be varied depending on the type of 
SDRAM. Accordingly, a conventional image processing 
apparatus requires a modification, or a change of the number 
of stages of the shift register 40 depending on the latency of 
SDRAM. In the exemplary SDRAM interface 20, on the 
contrary, past data may be output after a fixed delay time 
irrespective of the latency of SDRAM 20. Accordingly, a 
modification is not required even if the latency of SDRAM 20 
is changed. 
As shown in FIG. 4, writing of current data to Write FIFO 

21 starts simultaneously with the change of write enable 
signal WDE to H level. Further, the current data are read 
from Write FIFO 21 and written to SDRAM 10 after the first 
portion of past data of pixels in the next line are read from 
SDRAM 10. That is, reading of past data from SDRAM 10 
and writing of current data to SDRAM 10 are performed in 
the earlier and later halves, respectively, of the period that 
read data enable signal RDE and write data enable signal 
WDE are in H level corresponding to each line. 

In order to perform reading of past data from SDRAM 10 
and writing of current data to SDRAM 10 within the period 
that current data for each line are input, writing of data to 
SDRAM 10 and reading of data from SDRAM 10 are per 
formed using the double-frequency clock CLK2. In actual, 
writing of current data to SDRAM 10 is not completed within 
the period that write data enable signal WDE is in H level, or 
the period that current data are input, because certain delay 
periods are required to start reading from and writing to 
SDRAM 10. Accordingly, writing of current data to SDRAM 
10 extends to a part of the period after the change of write data 
enable signal to Llevel, i.e., a blanking period between lines. 

FIG. 5 is a timing chart showing operations of the exem 
plary SDRAM interface 20 near the falling edge of vertical 
synchronizing signal VSYNC. 

FIG. 5 shows waveforms of double-frequency clock 
CLK2, reference clock CLK, Vertical synchronizing signal 
VSYNC, and read data enable signal RDE. Note that, how 
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ever, read data enable signal RDE maintains “L level during 
the period shown. FIG. 5 also shows control signal (SDRAM 
command C) and address signal (SDRAM address A) gener 
ated by the SDRAM controller 22, and FIFO address clearing 
signal FAC generated by the SDRAM controller 22 and Sup 
plied to Read FIFO 23. FIG. 5 further shows addresses of 
Read FIFO 23 where the data is written, data read out from 
SDRAM 10 (SDRAM read data), and data output from Read 
FIFO 23 (Read FIFO read data). 
When detecting the change of Vertical synchronizing sig 

nal VSYNC to “L level, the SDRAM controller 22 generates 
and Supplies a control signal (Command C) that commands 
read operation to SDRAM 10 during read preparation 
period shown in FIG. 5. Simultaneously, SDRAM controller 
22 clears a counter, which is provided in the address counter 
unit 222 for generating addresses, to an initial address (0). 
Further, the SDRAM controller 22 supplies an address signal 
that specifies the initial address to SDRAM 10. 

In practice, the SDRAM controller 22 divides the initial 
address into row and column addresses and Supplies address 
signals that specify respective one of the divided addresses to 
SDRAM 10. That is, the SDRAM controller 22 first supplies 
an active command and a row address to SDRAM 10 and, 
after an elapse of a specified period, further Supplies a read 
command and a column address. Thereby, reading of past 
data from SDRAM 10 starts. That is, after a specified delay 
period, data D0 stored in address 0 is read. Thereafter, data 
D1, D2, D3... stored in addresses 1,2,3 ..., respectively, are 
read. 

In fact, only an address signal A specifying the initial 
address (0) is supplied to SDRAM 10 and a first range of 
addresses (32 words) from the initial address are read by a 
burst read operation. That is, only by specifying the initial 
address, data in the initial and following Successive addresses 
within the first ranges are read synchronously with the clock 
(the double-frequency clock CLK2). Thereafter, read opera 
tion is halted and the SDRAM controller 22 waits for the start 
of the input of the next data of pixels of the frame, or the 
change of read data enable signal to H level. 

While the burst-read of data in the first range of addresses 
continues, the address counter counts the double-frequency 
clock CLK2 and generates addresses 1 to 31. These addresses 
are not supplied to SDRAM 10. However, setting the address 
counter to the final values within the first range (31) makes it 
easy to generate the next address when reading the data from 
next to the first range of addresses. 

Further, upon detecting the change of vertical synchroniz 
ing signal VSYNC to “L level, the SDRAM controller 22 
outputs FIFO address clearing signal (FAC) for clearing the 
address of Read FIFO 23 to the initial address. That is, the 
address of Read FIFO 23 is also initialized at the clock edge 
(rising edge) of double-frequency clock CLK2 next to the 
falling edge of vertical synchronizing signal VSYNC. 
Accordingly, data (past data PD) read from SDRAM 10 are 
successively written to a range of addressed of Read FIFO 23 
starting from address 0. 

Note that, during the period that read data enable signal 
RDE is “L level, Read FIFO read enable signal RF RE for 
directing to read data from Read FIFO 23 is not generated. 
Accordingly, during the period shown in FIG. 5, data D0 to 
D31 read out from SDRAM 10 are stored in Read FIFO 23 
waiting for the change of read data enable signal RDE to H 
level, or the start of inputting current data. 

Clearing of the addresses described above may be per 
formed with a simple circuit, because it simply clears the 
addresses to the initial address, and can be easily performed 
without adding a large circuit. Further, this exemplary 
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embodiment ensures stable operation even when an error 
occurs due to noise, because the addresses are cleared in each 
frame. 

FIG. 6 is a timing chart showing operations of the SDRAM 
interface 20 near the rising edge of read data enable signal 
RDE. 

FIG. 6 shows the same signals as shown in FIG. 5. Note 
that, however, vertical synchronizing signal VSYNC does not 
have a falling edge during the period shown in FIG. 6. 

In the exemplary SDRAM interface 20 shown in FIG. 2, 
read data enable signal RDE is supplied as a Read FIFO read 
enable signal RF RE to Read FIFO. As explained above, the 
exemplary SDRAM interface 20 may be modified to provide 
a circuit to generate the Read FIFO read enable signal in, for 
example, the SDRAM controller 22. In this case, upon detect 
ing the change ofread data enable signal RDE to H level, the 
SDRAM controller 22 generates and supplies Read FIFO 
read enable signal RF RE to Read FIFO 23 that directs to 
start reading past data from Read FIFO 23. In either case, after 
a specified delay time. D0 and following data stored in Read 
FIFO 23 are read and output in the order. 
At this moment, the first range (32 words) of past data (first 

data) read from SDRAM 10 during the period following the 
falling edge of vertical synchronizing signal VSYNC shown 
in FIG. 5 are stored in Read FIFO 23. Accordingly, it is 
possible to direct Read FIFO 23 to read past data immediately 
after the rising edge of read data enable signal RDE. As a 
result, it is possible to start outputting past data PD after a 
short delay time, and is possible to decrease the number of 
stages of the shift register 40 in the image processing appa 
ratus 1. 
As explained above, reading of past data from Read FIFO 

23 starts after the rising edge of read data enable signal RDE. 
In addition, reading of past data from SDRAM 10 and wiring 
of read data to Read FIFO 23 also starts after the rising edge 
of RDE. That is, same as the operation after detecting the 
falling edge of vertical synchronizing signal VSYNC shown 
in FIG. 5, the SDRAM controller 22 generates and supplies 
Command C and Address A to SDRAM upon detecting the 
change of read data enable signal RDE to H level. After the 
rising edge of read data enable signal RDE, however, the 
address counter, which reached to the final address within the 
first range (31) during the period shown in FIG. 5, is not 
cleared but generates and Supplies the next address (32) to 
SDRAM 10 by adding 1 to the final address. Accordingly, 
starting from data D32 stored in the next address, past data are 
read from SDRAM 10 in the order and written to Read FIFO 
23. 

Although not shown in FIG. 6, reading of past data from 
SDRAM 10 and writing to Read FIFO 23 in this stage con 
tinue until data of pixels constituting an entire line are read 
and written. That is, the remaining data excluding the first 
range (first 32 words) in the same line and the data in the first 
range (first 32 words) in the next line are read from SDRAM 
10 and written to Read FIFO 23. 

During the reading of data constituting a line, the address 
counter continues to generate addresses by counting the 
double-frequency clock CLK2. Same as the period shown in 
FIG. 5, burst reading from SDRAM 10 is performed during 
the period shown in FIG. 6. Accordingly, it is not required to 
supply all of the generated addresses to SDRAM 10. None 
theless, the SDRAM controller 22 supplies addresses at cer 
tain required timings, because it is impossible to read data of 
pixels constituting an entire line with a single burst-read 
operation. The SDRAM controller 22 generates and supplies 
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Command C together with Address A at the required timings 
in order to re-start burst readings of data in the next range of 
addresses. 

Thus, reading of data is performed for a specified range of 
addresses including a specified number of addresses required 
to store data representing values of pixels constituting an 
entire line. That is, the specified number of addresses includes 
a first number of addresses required to store the first data and 
a remaining number of addresses required to store the data 
representing values of remaining pixels. When each of the 
lines is constituted of a specified number of pixels, and one 
address is required to store data of each pixel, the specified 
number of addresses is equal to the specified number of pixels 
in each line. 
The specified number of addresses may be different from 

the specified number of pixels in each line. For example, 
current data CD of pixels constituting each line may be com 
pressed before writing to SDRAM to an extent that the num 
ber of addresses required to store the current data CD of pixels 
constituting each line is less than the number of pixels in each 
line. 
The operation of the SDRAM controller 22 during the 

period that read data enable signal RDE is in H level is the 
same as the operation of a conventional image processing 
apparatus, although the starting address (32) is different from 
that of the operation of a conventional apparatus. That is, in 
either case, data representing values of pixels constituting a 
line is read. Accordingly, no additional circuit is required. 

In this exemplary embodiment, the reading of data of pixels 
constituting an entire line, from the starting address next to 
the first range to the first range in the next line, is performed 
for each of the lines until the final line. Accordingly, after 
reading the remaining data in the final line, data within the 
first range of addresses in the first line in the next frame are 
read and stored in Read FIFO 23. However, the data in the first 
line in the next frame read and written in this stage cannot be 
utilized. That is, at the falling edge of vertical synchronizing 
signal VSYNC before the input of data of the next frame, 
addresses of SDRAM 10 and Read FIFO 23 are cleared, and 
reading of data in the first range of addresses in the first line 
from SDRAM 10 and writing of the read data to Read FIFO 
23 are performed again. 
The prevention of performing Such an unnecessary read of 

data of the first line is possible. That is, for example, a first 
counter that counts the number of lines from which the data 
are read and a second counter that counts the number of times, 
or the number of clocks, of reading data in each line can be 
provided to detect the timing when the data of the last pixel in 
the last line is read. Further, a circuit that halts the reading 
operation when the timing is detected by the first and the 
second counters may be added. In this exemplary embodi 
ment, however, such counters and a circuit are not provided. 
That is, the size of circuitry is minimized by allowing the 
unnecessary reading. 

In the exemplary embodiment described above, when the 
falling edge of vertical synchronizing signal VSYNC is 
detected, the address counter, or the read address A of 
SDRAM, is cleared and the first data of pixels constituting a 
first portion of the first line are read from SDRAM 10 and 
written to Read FIFO 23. It is possible to modify the proce 
dure to skip these steps. Thereby, it becomes possible to 
utilize the first data of the first line of the next frame read after 
reading the data of the final line of the previous frame. 

In this case, as explained above, a first counter that counts 
the number of lines from which the data are read and a second 
counter that counts the number of times, or the number of 
clocks, of reading data in each line can be provided. When the 
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timing that the data of the last pixel in the last line is read is 
detected, the address counter may be cleared. Then, when the 
preparation for reading data is completed, the first data of the 
first line are read from the first range of addresses of SDRAM 
10 and written to Read FIFO 23. 
When the clearing of address counter upon detecting the 

falling edge of vertical synchronizing signal VSYNC is not 
performed, data are not read from correct addresses during 
the period that data of the first frame are inputting. However, 
the address counter is cleared when the timing that data of the 
last pixel in the last line is read is detected during the period 
of inputting data of the first frame. Thereafter, data are read 
from correct addresses. Note that, during the period that data 
of the first frame are inputting, data are not read from proper 
addresses, and the detected timing may not be the true timing 
that data of the last pixel is read. Nonetheless, data are read 
from correct addresses after the clearing of the address 
counter. Further note that, during the period that data of the 
first flame are inputting, data read from SDRAM 10 are 
meaningless because no valid data has been previously writ 
ten to the SDRAM 10. Accordingly, it is acceptable even if 
data are not read from correct addresses during the period of 
inputting data of the first frame. 

FIG. 7 is a timing chart showing an operation of a com 
parative example, or a conventional data processing appara 
tus, near the rising edge of read data enable signal RDE. 

In the conventional data processing apparatus, reading of 
past data from SDRAM starts after detecting the change of 
read data enable signal RDE from L level to H level. That 
is, after detecting the change of read data enable signal RDE 
to H level, the initial address (0) is supplied as Address A to 
SDRAM 10 together with Command C. FIFO address clear 
signal FAC for clearing Read FIFO to an initial address is also 
Supplied. As a result, after a certain delay time, past data (D0. 
D1, ...) are successively read from SDRAM and written to 
read FIFO. After a further delay time, past data (D0, D1, ... 
) are read from Read FIFO and are output. Accordingly, 
latency from the rising edge of read data enable signal RDE to 
start outputting data is long, and the comparative example 
requires-a shift register with a large size to delay the current 
data during the long latency. 
Methods of controlling frame memories, memory control 

circuits, and image processing apparatuses including the 
memory control circuits according to this disclosure are 
explained with reference to exemplary embodiments. The 
exemplary methods and memory control circuits enable to 
shorten the delay time to start outputting data, which repre 
sent values of pixels constituting the previous frame, previ 
ously stored in the frame memory. Accordingly, the exem 
plary image processing apparatuses may be constructed with 
delay circuits with Small sizes. 

In the exemplary embodiments explained above, data valid 
signal that is input together with data of pixels constituting 
each of the frames is used as a write data enable signal WDE 
and a read data enable signal RDE. Accordingly, read data 
enable signal RDE and write data enable signal WDE simul 
taneously become H level and, during the period that these 
signals are in H level, current data CD are input into the 
SDRAM interface 20. However, different exemplary embodi 
ments of image processing apparatuses may utilize read data 
enable signal RDE and write data enable signal WDE that 
become H level at different timings, depending on construc 
tions of the image processing apparatuses. 

For example, the exemplary SDRAM interface 20 may be 
modified to provide a compression circuit before Write FIFO 
21 and decompression circuit after Read FIFO 23. In such a 
construction, current data CD input to an image processing 
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apparatus are compressed and, thereafter, stored in SDRAM 
10 through Write FIFO 21. Further, past data PDread through 
Read FIFO are decompressed and, thereafter, input to an 
image processing apparatus. In this case, current data input to 
the image processing apparatus reaches Write FIFO 21 after 
a delay time required to perform the compression in the 
compression circuit. Accordingly, data valid signal may be 
used as write data enable signal WDE after it is delayed for the 
delay time of the compression circuit. On the other hand, data 
valid signal may be used as read data enable signal RDE as it 
1S. 

Note that, even in such a construction, current data CD 
input to an image processing apparatus may be input to a shift 
register or a different delay circuit without being compressed. 
Then, after being delayed for a specified delay time, current 
data are input to the image processing circuit. That is, not 
depending on whether or not a compression circuit is pro 
vided before Write FIFO 21, inputting of current data CD to 
the delay circuit starts simultaneously with the start of input 
ting current data to the SDRAM interface. 
What is claimed is: 
1. A method of controlling a frame memory using a 

memory control circuit comprising: 
receiving data representing values of pixels constituting 

each of a plurality of frames in an order of the frames, 
and Supplying the data to the frame memory; and 

generating address signals that specify addresses of the 
frame memory to be accessed and control signals that 
command reading from or writing to the frame memory, 
and Supplying the generated address and control signals 
to the frame memory Such that data representing values 
of pixels constituting a previous frame previously writ 
ten to the frame memory are read from the frame 
memory and data representing values of pixels consti 
tuting a next frame next to the previous frame are written 
to the frame memory, 

wherein the generating and Supplying are performed Such 
that the reading from the frame memory includes i) 
starting to read data representing values of pixels con 
stituting a particular previous frame from the frame 
memory before the receiving of the data representing 
values of pixels constituting the next frame starts, ii) 
stopping to read data representing values of pixels con 
stituting the particular previous frame from the frame 
memory when first data representing values of a portion 
of the pixels constituting the particular previous frame 
are read, and iii) re-starting to read data representing 
values of pixels constituting the particular previous 
frame from the frame memory after the receiving of the 
data representing values of pixels constituting the next 
frame starts. 

2. The method according to claim 1, further comprising: 
receiving a synchronizing signal before the receiving of 

data representing values of pixels constituting the next 
frame starts, 

wherein the generating and Supplying include, when the 
synchronizing signal is received, generating a first 
address signal that specifies an initial address and a first 
control signal that commands reading, and Supplying the 
first address and control signals such that the frame 
memory reads the first data from a first range of 
addresses starting from the initial address. 

3. The method according to claim 1, wherein: 
each of the plurality of frames includes a plurality of lines: 
the receiving includes receiving data representing values of 

pixels constituting each of the plurality of lines in an 
order of the lines; 
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the first data represent values of pixels constituting a first 

portion of a first one of the plurality of lines of the 
previous frame; and 

the generating and Supplying are performed such that data 
representing values of remaining pixels constituting a 
remaining portion of the first one of the plurality of lines 
of the previous frame and data representing values of 
pixels constituting the first portion of a second one of the 
plurality of lines of the previous frame are read during 
the receiving of data representing values of pixels con 
stituting a first one of the plurality of lines of the next 
frame. 

4. The method according to claim 3, further comprising: 
receiving a synchronizing signal before the receiving of 

data representing values of pixels constituting the next 
frame starts, wherein the generating and Supplying 
include: 

when the Synchronizing signal is received, generating a 
second address signal that specifies an initial address 
and a second control signal that commands reading, and 
Supplying the second address and control signals such 
that the frame memory reads the first data from a second 
range of addresses including a first number of the 
addresses required to store the first data starting from the 
initial address; and 

after the receiving of data representing values of pixels 
constituting the first one of the plurality of lines of the 
next frame starts, generating at least a third address 
signal that specifies a starting address next to the second 
range of addresses and a third control signal that com 
mands reading and Supplying the third address and con 
trol signals such that the frame memory reads data from 
a third range of addresses including a specified number 
of addresses required to store data representing values of 
pixels constituting one of the plurality of lines starting 
from the starting address. 

5. The method according to claim 4, wherein the generating 
and Supplying further include: 

after the receiving of data representing values of pixels 
constituting each of a second to a last one of the plurality 
of lines of the next frame starts, generating at least a 
fourth address signal that specifies a second starting 
address next to a range of addresses read after the receiv 
ing of data representing values of pixels constituting a 
previous one of the plurality of lines of the next frame 
starts and a fourth control signal that commands reading, 
and Supplying the fourth address and control signals 
such that the frame memory reads data from a fourth 
range of addresses including the specified number of 
addresses starting from the second starting address. 

6. The method according to claim3, wherein the generating 
and Supplying further include: 

after data representing a value of a last one of the pixels 
constituting a last one of the plurality of lines of a frame 
previous to the previous frame is read, generating a fifth 
address signal that specifies an initial address and a fifth 
control signal that commands reading, and Supplying the 
fifth address and control signals such that the frame 
memory reads data from a fifth range of addresses 
including a first number of addresses required to store 
the first data starting from the initial address; and 

after the receiving of data representing values of pixels 
constituting the first one of the plurality of lines of the 
next frame starts, generating at least a sixth address 
signal that specifies a third starting address next to the 
fifth range of addresses and a sixth control signal that 
commands reading, and Supplying the sixth address and 
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control signals such that the frame memory reads data 
from a sixth range of addresses including a specified 
number of addresses required to store data representing 
values of pixels constituting one of the plurality of lines 
starting from the third starting address. 

7. The method according to claim 1, further comprising: 
storing the first data read from the frame memory before 

the receiving of data representing values of pixels con 
stituting the next frame starts in a FIFO; and 

reading the first data after the receiving of data representing 
values of pixels constituting the next frame starts from 
the FIFO. 

8. The method according to claim 7, further comprising: 
outputting the first data read from the FIFO to a processing 

circuit; and 
delaying the data representing values of pixels constituting 

the next frame to produce a delayed data, and outputting 
the delayed data to the processing circuit such that the 
processing circuit starts to receive the first data and the 
delayed data simultaneously. 

9. A memory control circuit comprising: 
a data input terminal that receives data representing values 

of pixels constituting each of a plurality of frames in an 
order of the frames; 

a data Supply terminal that Supplies the data to the frame 
memory; 

an address terminal that Supplies address signals, which 
specify addresses of the frame memory to be accessed to 
the frame memory; and 

a control terminal that Supplies control signals, which com 
mand reading from or writing to the frame memory, to 
the frame memory, 

wherein the memory control circuit generates and Supplies 
the address and control signals to the frame memory 
such that: 

data representing values of pixels constituting a previous 
frame previously written to the frame memory are read 
from the frame memory and data representing values of 
pixels constituting a next frame next to the previous 
frame are written to the frame memory; and 

the reading from the frame memory includes i) starting to 
read data representing values of pixels constituting a 
particular previous frame from the frame memory 
before the memory control circuit starts to receive the 
data representing values of pixels constituting the next 
frame, ii) stopping to read data representing values of 
pixels constituting the particular previous frame from 
the frame memory when first data representing values of 
a portion of the pixels constituting the particular previ 
ous frame are read, and iii) re-starting to read data rep 
resenting values of pixels constituting the particular pre 
vious frame from the frame memory after the memory 
control circuit starts to receive the data representing 
values of pixels constituting the next frame. 

10. The memory control circuit according to claim 9, fur 
ther comprising: 

a synchronizing terminal that receives a synchronizing sig 
nal before the memory control circuit starts to receive 
the data representing values of pixels constituting the 
next frame, wherein: 

when the synchronizing signal is received, the memory 
control circuit generates a first address signal that speci 
fies an initial address and a first control signal that com 
mands reading, and Supplies the first address and control 
signals to the frame memory such that the frame 
memory reads the first data from a first range of 
addresses starting from the initial address. 
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11. The memory control circuit according to claim 9. 

wherein: 
each of the plurality of frames includes a plurality of lines: 
the memory control circuit receives data representing val 

ues of pixels constituting each of the plurality of lines in 
an order of the lines; 

the first data represent values of pixels constituting a first 
portion of a first one of the plurality of lines of the 
previous frame; and 

the memory control circuit generates and Supplies the 
address and control signals to the frame memory Such 
that data representing values of remaining pixels consti 
tuting a remaining portion of the first one of the plurality 
of lines of the previous frame and data representing 
values of pixels constituting the first portion of a second 
one of the plurality of lines of the previous frame are read 
during a period that the memory control circuit receives 
data representing values of pixels constituting a first one 
of the plurality of lines of the next frame. 

12. The memory control circuit according to claim 11, 
further comprising: 

a synchronizing terminal that receives a synchronizing sig 
nal before the memory control circuit starts to receive 
the data representing values of pixels constituting the 
next frame, wherein: 

when the synchronizing signal is received, the memory 
control circuit generates a second address signal that 
specifies an initial address and a second control signal 
that commands reading and Supplies the second address 
and control signals such that the frame memory reads the 
first data from a second range of addresses including a 
first number of addresses required to store the first data 
starting from the initial address; and 

after the memory control circuit starts to receive the data 
representing values of pixels constituting the first one of 
the plurality of lines of the next frame, the memory 
control circuit generates at least a third address signal 
that specifies a starting address next to the second range 
of addresses and a third control signal that commands 
reading and Supplies the third address and control sig 
nals such that the frame memory reads data from a third 
range of addresses including a specified number of 
addresses required to store data representing values of 
pixels constituting one of the lines starting from the 
starting address. 

13. The memory control circuit according to claim 12, 
wherein: 

after the memory control circuit starts to receive data rep 
resenting values of pixels constituting each of a second 
to a last one of the plurality of lines of the next frame, the 
memory control circuit generates at least a fourth 
address signal that specifies a second starting address 
next to a range of addresses read after the memory con 
trol circuit starts to receive data representing values of 
pixels constituting a previous one of the plurality of lines 
of the next frame and a fourth control signal that com 
mands reading and Supplies the fourth address and con 
trol signals such that the frame memory reads data from 
a fourth range of addresses including the specified num 
ber of addresses starting from the second starting 
address. 

14. The memory control circuit according to claim 11, 
wherein: 

after data representing a value of a last one of the pixels 
constituting a last one of the plurality of lines of a frame 
previous to the previous frame is read from the frame 
memory, the memory control circuit generates a fifth 
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address signal that specifies an initial address and a fifth 
control signal that commands reading and Supplies the 
fifth address and control signals such that the frame 
memory reads data from a fifth range of addresses 
including a first number of addresses required to store 
the first data starting from the initial address; and 

after the memory control circuit starts to receive the data 
representing values of pixels constituting the first one of 
the plurality of lines of the next frame, the memory 
control circuit generates at least a sixth address signal 
that specifies a third starting address next to the fifth 
range of addresses and a sixth control signal that com 
mands reading and Supplies the sixth address and control 
signals such that the frame memory reads data from a 
sixth range of addresses including a specified number of 
addresses required to store data presenting values of 
pixels constituting one of the plurality of lines starting 
from the third starting address. 

15. The memory control circuit according to claim 9, fur 
ther comprising: 

a FIFO, wherein the memory control circuit stores the first 
data read from the frame memory before the memory 
control circuit starts to receive the data representing 
values of pixels constituting the next frame in the FIFO, 
and reads the first data after the memory control circuit 
starts to receive the data representing values of pixels 
constituting the next frame from the FIFO. 

16. An image processing apparatus, comprising: 
a frame memory; 
a memory control circuit comprising: 
a data input terminal that receives data representing values 

of pixels constituting each of a plurality of frames in an 
order of the frames, and a data Supply terminal that 
Supplies the data to frame memory; and 

an address terminal that Supplies address signals, which 
specify addresses of the frame memory to be accessed, 
to the frame memory and a control terminal that Supplies 
control signals, which command reading from or writing 
to the frame memory, to the frame memory; and 

an image processing circuit, 
wherein: 
the memory control circuit generates and Supplies the 

address and control signals to the frame memory Such 
that data representing values of pixels constituting a 
previous frame previously written to the frame memory 
are read from the frame memory and data representing 
values of pixels constituting a next frame next to the 
previous frame are written to the frame memory; 

the image processing circuit receives the data representing 
values of pixels constituting the next frame and the data 
representing values of pixels constituting the previous 
frame read from the frame memory, and performs pro 
cessing using both of the data; and 

the memory control circuit further generates and Supplies 
the address and control signals to the frame memory 
Such that the reading from the frame memory includes i) 
starting to read data representing values of pixels con 
stituting a particular previous frame from the frame 
memory before the memory control circuit starts to 
receive the data representing values of pixels constitut 
ing the next frame, ii) stopping to read data representing 
values of pixels constituting a particular previous frame 
from the frame memory when first data representing 
values of a portion of the pixels constituting the particu 
lar previous frame are read, and iii) re-starting to read 
data representing values of pixels constituting the par 
ticular previous frame from the frame memory after the 
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memory control circuit starts to receive the data repre 
senting values of pixels constituting the next frame. 

17. The image processing apparatus according to claim 16, 
wherein: 

the memory control circuit further comprising a synchro 
nizing terminal that receives a synchronizing signal 
before the memory control circuit starts to receive the 
data representing values of pixels constituting the next 
frame; and 

when the synchronizing signal is received, the memory 
control circuit generates a first address signal that speci 
fies an initial address and a first control signal that com 
mands reading, and Supplies the first address and com 
mand signals to the frame memory Such that the frame 
memory reads the first data from a first range of 
addresses starting from the initial address. 

18. The image processing apparatus according to claim 16, 
wherein: 

each of the plurality of frames includes a plurality of lines: 
the memory control circuit receives data representing val 

ues of pixels constituting each of the plurality of lines in 
an order of the lines; 

the first data represent values of pixels constituting a first 
portion of a first one of the plurality of lines of the 
previous frame; and 

the memory control circuit generates and Supplies the 
address and control signals to the frame memory Such 
that data representing values of remaining pixels consti 
tuting a remaining portion of the first one of the plurality 
of lines of the previous frame and data representing 
values of pixels constituting the first portion of a second 
one of the plurality of lines of the previous frame are read 
during a period that the memory control circuit receives 
data representing values of pixels constituting a first one 
of the plurality of lines of the next frame. 

19. The image processing apparatus according to claim 18, 
wherein: 

the memory control circuit further comprising a synchro 
nizing terminal that receives a synchronizing signal 
before the memory control circuit starts to receive the 
data representing values of pixels constituting the next 
frame; 

when the synchronizing signal is received, the memory 
control circuit generates a second address signal that 
specifies an initial address and a second control signal 
that commands reading and Supplies the second address 
and control signals such that the frame memory reads the 
first data from a second range of addresses including a 
first number of the addresses required to store the first 
data starting from the initial address; and 

after the memory control circuit starts to receive the data 
representing values of pixels constituting the first one of 
the plurality of lines of the next frame, the memory 
control circuit generates at least a third address signal 
that specifies a starting address next to the second range 
of addresses and a third control signal that commands 
reading and Supplies the third address and control sig 
nals such that the frame memory reads data from a third 
range of addresses including a specified number of the 
addresses required to store data representing values of 
pixels constituting one of the plurality of lines starting 
from the starting address. 

20. The image processing apparatus according to claim 16, 
wherein: 

the memory control circuit further comprises a FIFO; and 
the memory control circuit stores the first data read from 

the frame memory before the memory control circuit 
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starts to receive the data representing values of pixels a delay circuit that delays the data representing values of 
constituting the next frame in the FIFO, and reads the pixels constituting the next frame to produce a delayed 
first data after the memory control circuit starts to data, wherein the image processing circuit starts to 
receive the data representing values of pixels constitut- receive the delayed data and the first data read from the 
ing the next frame from the FIFO. 5 FIFO simultaneously. 

21. The image processing apparatus according to claim 20, 
further comprising: k . . . . 


